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Abstract— Phytoremediation is the use of green plants to remove pollutants from the environment or render them harmless. 
Phytoremediation is a new technology in which plants are used to remove pollutants from water and soil. The use of metal-accumulating 
plants to clean environment contaminated with heavy metals is the most rapidly developing component of this environmentally friendly and 
cost-effective technology. The ever-increasing environmental pollution in agricultural soil caused by heavy metals due to application of 
sewage sludge, city refuse, and heavy metals containing fertilizers or pesticides, is becoming a major problem in modern agriculture. This 
review aims to provide a concise overview of plant metal tolerance and accumulation mechanisms. Another goal to present an overview of 
recent research considered to improve the phytoremediation capacity of plants by transgenic plants. Phytoremediation is based on the 
removal of contaminants from the soil by mechanisms such as phytoextraction, phytodegradation, rhizofiltration, phytostabilization and 
phytovolatilization through transgenic plants. This article reviews will provide more valuable information when phytoremediation process will 
be studied. 

Index Terms— Environmental, Heavy Metals, Phytoremediation, Pollutants, Technology, Transgenic Plants 
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1 INTRODUCTION                                                                     

ifferent types of heavy metals such as Cu, Zn and Ni are 
necessary micronutrients compulsory for a variety of 

functions including electron transfer reactions and as cofactors 
in many proteins and enzymes, on the other hand other metals 
like Ar, Cd and Pb are considered non-necessary. Both types of 
metals are toxic above certain concentrations. They inactivate 
metal-sensitive enzymes consequential in growth retardation 
and the worst in case of death of the organism. So, the metals 
found in our environment come from natural weathering pro-
cess of earth’s crust, soil erosion, mining, industrial discharge, 
urban runoff, sewage effluents, air pollution fall out, pest or 
disease control agents. The heavy metals also found by human 
activities such as application of phosphate fertilizers, military 
activities, metal working industries, mining and smelting.   
 
The concentrations of the contaminants can vary from highly 
toxic concentrations from an inadvertent spill to barely meas-
urable concentrations that after long-term exposure can be 
injurious to human health (Alexander, 1999). Mainly, heavy 
metals are toxic because they cause DNA damage and their 

carcinogenic effects in animals and humans are probably 
caused by their mutagenic ability (Knasmuller et al., 1998). 
Heavy metals are not degradable without intervention stay in 
soil for centuries.  As a result over recent decades an annual 
worldwide release of heavy metals reached 22,000 t (metric 
ton) for cadmium, 939,000 t for copper, 783,000 t for lead and 
1,350,000 t for zinc. 
 
Phytoremediation is based on the removal of contaminants 
from the soil by mechanisms such as phytoextraction, phyto-
degradation, rhizofiltration, phytostabilization and phytovo-
latilization (Salt et al., 1995). The mechanisms of phytoremedi-
ation involved in heavy metal remediation are limited to up-
take, adsorption, transport and translocation, sequestration 
into vacuoles, hyperaccumulation and in some cases, volati-
lization (Meagher, 2000). When present at increased concentra-
tions, both essential (Cu, Fe, Mn, Mo, Zn) and non-essential 
metals (e.g., Cd, Pd, Hg) are toxic. Heavy metals cannot be 
metabolized; only possible strategy to apply is their extraction 
from contaminated soil and transfer to the smaller volume of 
harvestable plants for their disposal (Padmavathiamma and 
Li, 2007). 

 
Phytoremediation is an up-and-coming low-cost technology 
that utilizes plants to remove, transform, or stabilize contami-
nants including organic pollutants located in water, sediments, 
or soils. The advantages of phytoremediation over usual bio-
remediation by microorganisms are that plants, as autotrophic 
systems with large biomass, need only reserved nutrient input 
and they prevent the spreading of contaminants through wa-
ter and wind erosion (Pulford and Watson, 2003). Plants also 
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provide nutrients for rhizosphere bacteria, allowing the 
growth and maintenance of a microbial community for further 
contaminant detoxification. 
 
A number of plant species have been recognized for the ra-
tionale of phytoremediation. Assured plant species known as 
hyper-accumulators are gorgeous candidates as they are able 
to accumulate potentially phytotoxic fundamentals to concen-
trations 50-500 times higher than average plants (Lasat, 2002). 
Tissue culture techniques are being increasingly practical for 
clonal multiplication and in vitro conservation of valuable in-
digenous which threatened with extinction (Roly et al., 2013). 
Most workers that observed calli from mature seed were excel-
lent starting material for transformation of rice by Agrobacte-
rium due to their compactness (Islam et al., 2013; Islam et al., 
2014; Islam et al., 2014; Roly et al., 2014 ). These transgenic rice 
plants are used for phytoremediation. The high bio-
concentration factor and the efficient root to shoot transport 
system capable with enhanced metal tolerance supply hyper-
accumulators with a high potential detoxification capacity 
(McGrath and Zhao, 2003).. However many of the hyper ac-
cumulators are slow growing and have reduced biomass pro-
duction thus requiring several years for decontamination of 
the polluted sites. Trees appear as an attractive another due to 
their extensive root system, high water uptake, rapid growth, 
and large biomass production (Gullner et al., 2001). 

 
The remedial capacity of plants can be significantly improved 
using by genetic manipulation and plant transformation tech-
nologies (Van et al., 2004). The identification of unique genes 
from hyper-accumulators, and their subsequent transfer to 
fast-growing species have proven to be highly beneficial as 
demonstrated by the recent success of transgenic plants with 
enhanced phytoremediation capacity (Ellis et al., 2004). This 
review goal to present an overview of recent research consid-
ered to improve the phytoremediation capacity of plants by 
transgenic plants. The use of transgenic plant species in phy-
toremediation programs is also discussed- 
 
2 Phytoremediation by Transgenic Plant  
Phytoremediation consists of mitigating pollutant concentra-
tions in contaminated soils, water or air, with plants able to 
contain, degrade, or eliminate metals, pesticides, solvents, ex-
plosives, crude oil and its derivatives, and various other con-
taminants from the media that contain them. Molecular biolo-
gy and genetic engineering are being increasingly considered 
as effective tools for better understanding and improving the 
phytoremediation capability of plants, whose biological func-
tions can now be analyzed in detail and partly modified. The 
metal resistance systems are better known in microorganisms 
(Silver and Phung, 2005) in plants only a few systems of metal 
tolerance and/or sequestration are sufficiently characterized 
(Kärenlampi et al., 2000). 

 
In recent years, several key steps have been identified at the 
molecular level, allowing an increasing application of molecu-
lar-genetic technologies and a transgenic approach to a better 
understanding of mechanisms involved in heavy metal toler-
ance and accumulation in plants (Clemens et al., 2002). It has 
been demonstrated in classic genetic studies that only a few 
genes are responsible for metal tolerance  (Macnair et al., 2000). 
Transfer and/or overexpression of genes responsible for metal 
uptake, translocation and sequestration may allow for the 
production of plants which, depending on the strategy, can be 
successfully exploited in phytoremediation (Krämer and 
Chardonnens, 2001). 
 
Phytoremediation techniques were inadequate before twenty-
five years ago. At the present time a lot of methods were dis-
covered on phytoremediation with scientifically. The use of 
plants to decontaminate soils and waters has been developed 
only in recent times the first reports appearing in the eighties 
subsequently more comprehensive articles during the nineties 
(Cunningham et al., 1995). 
 
Phytoremediation technology has been recently extensively 
reviewed by some researchers (Dietz and Schnoor, 2001) and 
several species have been classified as hyperaccumulators and 
extensively investigated (Reeves, 1992). However, on a large 
scale, metal uptake by trees can be more effective, mainly be-
cause of a deeper root system and a greater yield of biomass 
(Greger and Landberg, 1999). High productivity and elevated 
uptake and translocation of pollutants to the harvestable bio-
mass are the basis for efficient in situ restoration by means of 
vascular plants (Lasat, 2000). Some woody species can be ad-
vantageously used also for phytoremediation of soils along 
with groundwater from organic pollutants and hydrocarbons 
(Thompson et al., 1998; Shaekh et al., 2013). The potential in 
phytoremediation of metal contaminated soils expressed by 
forest trees has been assessed for several species in recent 
years (Arduini et al., 1996). Resistance to metals often appears 
to be clone- or hybrid-specific rather than species-specific  
(Punshon and Dickinson, 1999). 
 
Poplars are particularly suitable for remediation purposes, 
having already been considered for trials on metal tolerance in 
in vivo (Lingua et al., 2005) and in vitro observations. Salicaceae 
are also reported to grow even in severe soil conditions and to 
accumulate heavy metals. Many studies have thus been fo-
cused on the use of willows and poplars in phytoextraction 
(Labreque et al., 1995). These species can be advantageously 
exploited in short rotation coppice cultures (SRC), a strategy 
whose application in phytoremediation presents interesting 
and economically promising perspectives (Witters et al., 2009). 
The inherent difficulties of experimenting on very large long-
lived organisms such as forest trees, motivates the develop-
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ment of model systems. Besides the exploitation of hydroponic 
cultures, the in vitro model systems using shoot and cell cul-
tures of plants demonstrated to be a useful tool for investigat-
ing efficiency of metal uptake and translocation. Cell and or-
gan culture, in fact, as well as hydroponics, allow very fast 
accumulation of data in comparison with whole plant experi-
ments under field conditions (Golan-Goldhirsh et al., 2004), 
and offer the advantage of testing the effects of contaminants 
under controlled conditions (Harms, 1992). Hydroponic 
screening is often used to evaluate tolerance, accumulation 
and translocation in plants. A researcher demonstrated in Salix 
that results obtained in hydroponics and in field experiments 
are comparable (Watson et al., 2003). 

 
It is always advisable, however, to confirm data obtained by 
hydroponic tests by field performance trials. Using this tech-
nique, several studies have concerned, for instance, the re-
sponse of willows to a metal cocktail and of willows and pop-
lars to the presence of cadmium (Šottníková et al., 2003), the 
response of a clone of Populus x euramericana to high concen-
trations of copper (Borghi et al., 2007), the mechanism of re-
sistance to aluminium of Picea abies (Heim et al., 1999 ), the 
determination of the role of glutathione reductase metabolism 
in the defence of poplar (Populus deltoides x P. nigra) against 
high zinc concentration (Di Baccio et al., 2005). 
 
As stated by some of workers, the use of in vitro systems ena-
bles dissection of the complex system of plant, soil, and mi-
crobial interaction in order to evaluate the effect of stress fac-
tors on metabolism, specific enzymes and metabolites in-
volved in plant response to the pollutant (Golan-Goldhirsh et 
al., 2004). For many woody species, moreover, the application 
of in vitro propagation techniques, allows for fast plant pro-
duction and the application of promising genetic engineering 
programs (Confalonieri et al., 2003).  
 
High concentration of zinc has been found to negatively affect 
the photosynthetic machinery in poplar: inhibition of adventi-
tious root formation and leaf chlorosis indicated that the clone 
used was tolerant to external concentrations less than or equal 
to 1 mM, while in Eucalyptus globulus moderate concentrations 
of this metal were shown to either enhance or have no effect 
on rooting (Schwambach et al., 2005). Phytoremediation poten-
tials of poplar lines (Populus nigra and transgenic P. canescens) 
were investigated using in vitro leaf discs cultures and found 
that Zinc

2+
as phytotoxic only at high concentrations (10

−2  

to 
10

−1 

M) in all P. canescens lines, but P. nigra was more sensitive 
(Bittsanszky et al., 2005). Cadmium added to the culture medi-
um was shown to reduce the fresh and dry weights and the 
shoot length of white birch, while root length was not affected 
(Fernández et al., 2008). Copper at a concentration of 0.05 mM, 
manganese at 0.80 mM, and zinc at 0.12 mM showed a nega-
tive effect on shoot growth (number of shoots per explant and 

shoot length) in Ailanthus altissima, considered a fast-growing 
and contamination-resistant species (Gatti, 2008). Zinc was 
found toxic in aspen (Populus tremula x tremuloides) cultures at 
0.5 mM concentration, while lead at the same concentration 
did not show toxic effects and was accumulated at 3500 μg per 
g of biomass (Kalisova-Spirochova et al., 2003).  
 
In vitro studies were also developed to investigate the effects 
of high concentrations of zinc and copper on the biosynthesis 
and accumulation of polyamine in Populus alba (Franchin et al., 
2007). On the basis of leaf symptoms, rate of adventitious root 
formation and ethylene production, it was found that Zn at 
0.5-1 mM concentration was transiently toxic, while at 2-4 mM 
was increasingly toxic. Free and conjugated putrescine and 
spermidine accumulated proportionally to toxicity; also Cu 
strongly reduced rooting already at 5 μM and caused severe, 
dose-dependent toxicity symptoms (shoot chlorosis and ne-
crosis) using concentrations up to 500 μM. In in vitro growing 
microshoots of Populus alba, the effect of high concentrations of 
cadmium, copper, zinc, and arsenic was investigated, showing 
differences in the response of different clones (Di Lonardo et 
al., 2011). Axenic poplar tumor cell cultures were tested for 
demonstrating the capability of taking up trichloroethylene 
(TCE) and degrading it to several known metabolic products 
(Newman et al., 1997), while poplar (Populus deltoides×P. nigra) 
in vitro culture has been used for developing mathematical 
models to define degradation pathways of nitramine com-
pounds within plant cells (Mezzari et al., 2004). Metal toler-
ance was detected in a callus culture established from Acer 
rubrum seedlings growing in soil contaminated by zinc, cad-
mium, nickel and arsenic. A positive linear correlation was 
found between zinc resistance of callus and total Zn in soil 
beneath sampled trees, while no significant correlations were 
evidenced with the other metals (Watmough and Hutchinson, 
1998). In Acer pseudoplatanus callus culture, Cu-, Zn- and Cd-
resistance traits were identified in cell lines originating from 
trees at a site contaminated by these metals (Watmough and 
Dickinson, 1995). 
 
In vitro screenings were also used to investigate how several 
heavy metals affect pollen germination and tube elongation in 
Pinus resinosa (Chaney, 1983)  and to test the tolerance for Zn 
and Cu in mycorrhyzal isolates collected in an abandoned Cu 
mines, in view of their inoculation into Pinus sylvestris seed-
lings (Adriaensen et al., 2005). Combined micropropagation 
and hydroponic culture were used to study tolerance to cop-
per and zinc in Betula pendula, finding that a seed-derived 
clone from a Pb/Zn-contaminated site showed more tolerance 
to Cu and Zn than bud-derived clones from a Cu/Ni-
contaminated site or from an uncontaminated area (Utriainen 
et al., 1997). 

 
3 Conclusions 
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Phytoremediation of metal-polluted soil by plant phytoextrac-
tion is a technique attracting the interest of an increasing sci-
entific community and the use of transgenic plants, in particu-
lar, presents some aspects of relevance. Biotechnologies are 
surely powerful tools allowing investigating and evaluating 
the potential of phytoremediation. As described in this paper, 
many fields of study are contributing to a rapid increase of our 
knowledge on the mechanisms involved. However, despite of 
the intensive research carried out in the last years on this top-
ic, very few field trials demonstrated the technical feasibility 
and economic workability of the described approaches. In-
deed, most of the literature rarely provides information on the 
practical application of phytoremediation techniques. Special-
ization and fragmentation of research is probably real, but it 
should not be seen as a limit: every progress can contribute 
and converge to increase the possibility of an advantageous 
exploitation of transgenic plants for phytoremediation. 
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